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SUMMARY: In this paper we use previously determined H® °uxes for dwarf
galaxy Holmberg IX (Arbutina et al. 2009) to calculate star formation rate (SFR)
in this galaxy. We discuss possible contaminations of H® °ux and, for the ¯rst
time, we take into account optical emission from supernova remnants (SNRs) as
a possible source of contamination of H® °ux. Derived SFR for Holmberg IX is
3:4 £ 10¡4M¯yr¡1. Our value is lower then in previous studies, due to luminous
shock-heated source M&H 9-10, possible hypernova remnant, which we excluded
from the total H® °ux in our calculation of SFR.
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1. INTRODUCTION
One of the most important problems in extra-
galactic astronomy is determination of star formation
history, and possible predictions for the future star
births. Knowledge of the star formation histories of
both the Universe and of individual galaxies provides
the foundation for our understanding of the world we
see today and its evolution.
Any discussion in this ¯eld must ¯rst acknowl-
edge the extensive studies undertaken by Kenni-
cutt and collaborators in de¯ning the techniques
for H® measurement and deriving star formation
rates (SFR) from such measurements (see Kenni-
cutt 1998). H® observations are, besides many other
techniques (e.g, ultraviolet emission from stars, far-
infrared and radio luminosities), the easiest com-
monly used method for SFR determination.
The H® luminosity of HII regions around stars
is direct measure of the global photoionization rate,
which can be used to estimate SFR for massive (>10
M¯) stars. Extrapolation to total SFR, integrated
over all stellar masses, is accomplished usually by
adopting a priori the initial mass function (IMF). In
this paper, we use the relation given by Kennicutt et
al. (1994):
SFR (M¯yr¡1) = 7:94 £ 10¡42LH® (erg s¡1); (1)
where SFR is given in solar masses per year, and
LH® is H® luminosity of galaxy. This transforma-
tion is appropriate under the assumption of average
solar abundances and Salpeter initial mass function
(Salpeter 1955), for a range of stellar masses from
0:1 ¡ 100 M¯.
For the SFR calculation from the photoion-
ization we need to remove all possible contamina-
tions of the H® emission, possibly by the non-thermal
emission, stellar H® absorption, [NII] emission, and
all other sources of extinction. More about extinc-
tion, and possible confusion of the H® emission from
HII regions with the H® emission from other emis-
sion nebulae (e.g. supernova remnants) will be given
later.
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Table 1. Data for Holmberg IX taken from NED¤.
Right ascension Declination Redshift Velocity Distance¤¤ Angular size Magnitude Gal.extinction
®J2000 ±J2000 z v [km s¡1] d [Mpc] [ 0 ] [mag] [mag]
09 57 32.0 +69 02 45 0.000153 46 3.7 2:6 £ 2:2 14.3 0.343 (B)
¤http://ned.ipac.caltech.edu/ ¤¤Karachentsev & Kashibadze (2006)
Previous studies about SFR typically con-
cerned bright and most-rapidly star forming galaxies,
but in recent works (e.g. James at al. 2004, Kenni-
cutt et al. 2008) there are e®orts to measure SFRs
through full range of galaxy types and brightnesses.
Concerning this, dwarf and irregular galaxies are the
biggest challenge because of their low luminosities
and small amount of data for host galaxy (internal)
extinction and heavier elements abundances. This
is why we have made e®orts to observe a few low
surface-brightness galaxies in narrow band ¯lters,
during our study of interacting M81 galaxy group.
Among these galaxies is Holmberg IX, a small "satel-
lite galaxy" of M81.
Holmberg IX (also known as UGC 5336,
MCG+12-10-012, LEDA 28757, see Table 1) can be
seen in the HI image of the M81 triplet in Yun et al.
(1994) as a dark knot, closest to M81 galaxy. Dwarf
irregular galaxy Holmberg IX could be the one of
the youngest nearby tidal dwarf galaxies, perhaps
formed during the last close passage of M82 around
M81 (Sabbi et al. 2008). It has a very high ratio of
gas to stellar mass, and it was probably formed from
gas and stars stripped o® during the interaction of
M81 with M82.
The adopted distance to Holmberg IX is d =
3:7 Mpc, derived from cepheids distance to M81 and
known membership in the M81 group (Karachentsev
et al. 2004, Karachentsev and Kashibadze 2006).
2. DATA
In this paper we use H® °uxes for Holmberg
IX given in Arbutina et al. (2009). Observations
were taken with the 2 m Ritchey-Chr¶ etien-Coud¶ e
(RCC) telescope at the National Astronomical Ob-
servatory (NAO) Rozhen, Bulgaria. The galaxy was
observed through H®, [SII] and red continuum nar-
row band ¯lters (see Table 2 in Arbutina et al. 2009
for details). The total exposure time through each
¯lter was 140, 140 and 190 minutes, respectively.
Arbutina et al. (2009) reported 22 objects
detected in the H® ¯lter (see Fig. 1). When
observed through the [SII] ¯lter, only one source
showed strong emission. That is a strong X ray
source, known as M&H 9-10, which is a shock-heated
nebula (Miller 1995) that could be a super-shell or a
possible hypernova remnant. Other 21 objects repre-
sent HII region candidates. Their absolute °ux cali-
bration was performed by using the °uxes of sources
identi¯ed both by Arbutina et al. (2009) and by
Miller and Hodge (1994).
3. SFR AND CONTAMINATION
OF H® FLUX
As already mentioned, there are several meth-
ods for estimating SFR, but calculation from the H®
°ux is one of the simplest. When using the H® °ux
from HII regions for SFR estimates, we encounter
the following di±culties, which may cause system-
atic errors:
(i) contamination by [NII] emission lines, close to
the H® line,
(ii) contamination by the other H® emitters (e.g,
other emission nebulae, non-thermal emitters,
such as active galactic nuclei (AGN)), and
(iii) internal extinction.
3.1. [NII] contamination
On both sides of the H® line there are close
[NII] lines, ¸654:8nm and ¸658:4nm, respectively.
Depending on the ¯lter used for imaging, both lines,
or part of each [NII] line, enter the H® ¯lter band-
width. Intensities of lines depend on nitrogen abun-
dances, which are di®erent for di®erent types of
galaxies, and which are changing with distance from
the center of the galaxy. Many studies have been
made regarding this question. For a long time the
ratio between H® and H®+[NII] °uxes determined
by Kennicutt and Kent (1983) was used: 0:75§0:12
for spirals and 0:93§0:05 for irregulars. Lately, as the
number of spectroscopic measurements is increasing,
more precise estimates for di®erent galaxies about
the ratio between H® and H®+[NII] °uxes are be-
coming available. More recent studies found out that
the [NII] contamination is much weaker then previ-
ously thought.
The full-width half-maximum (FWHM) of the
narrow band ¯lters used for observations at NAO
Rozhen is on average 3nm, which is twice smaller
than usual for the narrow band H® ¯lters (see James
et al. 2004, Karachentsev and Kaisin 2007) meaning
that only a fraction of the [NII] emission is being
confused with H® emission. This is why we did not
make any corrections for the [NII] emission, and we
estimate that errors in our H® °uxes due to this ef-
fect are less then 5%.
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Fig. 1. The continuum-subtracted H® image of Holmberg IX. The strongest source is M&H 9-10. Figure
kindly provided by B. Arbutina.
3.2. SNR contamination
There is another source of error when measur-
ing SFR from H® luminosities, which we ¯nd more
signi¯cant and interesting, especially in this partic-
ular case of Holmberg IX galaxy. When measuring
H® °uxes, we expect that HII regions are the ma-
jor source of this emission, except for some di®use
component. In most previous papers, planetary neb-
ulae (PNe) and supernova remnants, as other exam-
ples of emission nebulae, have been excluded from
the discussion. They also radiate strongly in the H®
line and, therefore, can cause overestimate in SFR.
In some recent papers, there are e®orts to exclude
emission from PNe (Azimlu et al. 2011) and also,
when having a sample of many galaxies, to exclude
those with non-thermal emission, such as AGNs (Vil-
lar et al. 2011). The problem with PNe and SNRs is
that in optical range it is di±cult to di®erentiate be-
tween them and HII regions. Additional observations
in narrow bands are needed to distinguish between
di®erent emission nebulae types.
Observations that we use here concerned de-
tection of SNRs in optical range. For this kind of
observations, H®, the red continuum and [SII] nar-
row band ¯lters are used. The ratio of the [SII] and
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H® emission serves as indicator whether an object is
an HII region or SNR (see Matonic and Fesen 1996).
Objects whose ratio is higher than 0.4 (and usually
much higher) are considered as SNRs while those
whose ratio is less than 0.4 are taken as HII regions.
This is physically justi¯ed through di®erent ways of
excitation. For SNRs we have collisional excitation
by shocks, rather than by photoionization, which is
the case with HII regions.
It should be mentioned that, in majority of
galaxies (and especially in large spirals), the emis-
sion in H® from SNRs would not be of great im-
portance. But, on the other hand, there could be
examples, such as Holmberg IX galaxy, where the
emission from SNRs is strong in H®.
3.3. Internal extinction
Internal extinction, or absorption by the host
galaxy, could be the biggest problem for correct de-
termination of H® luminosities. Absorption coef-
¯cients for di®erent galaxies are usually unknown.
We only make assumptions on their emission in in-
frared and radio domains, galaxy type and metallic-
ity. That is why there is a wide range of absorp-
tion coe±cients used in literature. Numbers usu-
ally found in most papers are between 0.8 and 1.1
magnitude (Kennicutt 1998). Considering metallic-
ity in Holmberg IX being as low as 0.008 (Sabbi et al.
2008), we expect that the dust absorption is almost
negligible and, therefore, the absorption coe±cient of
about 1 magnitude to be too high. When compared
to the errors made by the [NII] contamination (which
are of the order 5 - 10%), signi¯cance of this e®ect
is much higher. In many studies the internal extinc-
tion is not considered in calculation of SFRs, because
of its uncertainty. With this approach, the derived
SFRs are underestimated by a factor of about 2.5.
4. RESULTS
The H® °ux from Holmberg IX we used to
determine SFR is 26:25 £ 10¡15erg cm¡2s¡1. This
is sum of H® °uxes from 21 HII region candidates
in this galaxy. Flux from source M&H 9-10 was not
taken into account because it represents a possible
hypernova remnant (see section 3.2). It should be
mentioned that the H® °ux from this source is more
than twice higher than the total °ux from HII re-
gions.
Derived SFR for Holmberg IX is 3:4 £
10¡4M¯yr¡1. As can be seen from Fig. 1, M&H
9-10 is the strongest source in H® in this galaxy, and
its elimination from the SFR calculation resulted in
much lower SFRs than previously thought.
Also, when considering SFR in dwarf galaxy
Holmberg IX, one should keep in mind that there
are indications (Lee et al. 2009) that the H® lumi-
nosity will underestimate the SFR when compared
to the SFR derived from the far ultraviolet (FUV)
luminosity in dwarf galaxies.
When comparing to recent studies
(Karachentsev and Kaisin 2007, James et al. 2004),
our estimate of SFR for Holmberg IX is six to ten
times lower, respectively. These studies observed
the galaxy only in the continuum and H® ¯lters, so
they did not discuss possible contamination of the
H® °ux by other sources.
It should be mentioned that we used Schlegel
et al. (1998) Galactic extinction in the B band,
instead of Burstein and Heiles (1982), which was
used in Miller and Hodge (1994), while other au-
thors used Schlegel's expression. For calculation of
Galactic extinction in H®, we used expression given
by Karachentsev and Kaisin (2007). Also, we did not
correct °ux for internal extinction nor this was done
in Karachentsev and Kaisin (2007) and, considering
low mettalicity in this galaxy, we ¯nd this appropri-
ate. James et al. (2004) used internal absorbtion
coe±cient of 1.1 magnitude which led to overesti-
mate in their SFR but it should be mentioned that
they used the distance of 3.4 Mpc, which is less than
the one we used.
5. CONCLUSIONS
In this paper we calculated SFR for Holmberg
IX galaxy from its H® °ux but, in a way, we excluded
emission from sources that are not the HII region
candidates. Estimated SFR is 3:4 £ 10¡4M¯yr¡1,
which is up to ten times less than in previous stud-
ies.
Also, from the example of Holmberg IX
galaxy, we showed that the H® emission from other
emission nebulae (especially SNRs) can have large af-
fect on calculated SFR. In a future paper we intend
to make corrections in estimated SFRs for a sample
of nearby galaxies which have optical SNRs detected.
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Prethodno saopxtee
U radu je odreena stopa formiraa
zvezda za patu	astu galaksiju Holmberg IX,
koristei H® flukseve u ovoj galaksiji
iz rada Arbutine sa saradnicima (2009).
Takoe, diskutovani su izvori koji zraqe u
H® liniji, a koji nisu HII regioni, i time
uzrokuju grexku u proceni stope formiraa
zvezda. Po prvi put, ostaci supernovih i
ihovo optiqko zraqee uzeti su kao mogui
uzroci kontaminacije H® fluksa. Dobijena
stopa formiraa zvezda u Holmberg IX galak-
siji je 3:4 £ 10¡4M¯yr¡1. Naxa vrednost je
nia od vrednosti dobijenih u prethodnim
studijama, zbog sjajnog objekta M&H 9-10, koji
je pobuen udarnim talasom, i koji smo mi
isk	uqili iz ukupnog H® fluksa u naxem
raqunu stope formiraa zvezda.
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